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ABSTRACT
We propose a geometrical explanation for periodically and nonperiodically repeating
fast radio bursts (FRBs) under neutron star (NS)-companion systems. We suggest a
constant critical binary separation, rc, within which the interaction between the NS
and companion can trigger FRB bursts. For an elliptic orbit with the minimum and
maximum binary separations, rmin and rmax, a periodically repeating FRB with an
active period could be reproduced if rmin < rc < rmax. However, if rmax < rc, the mod-
ulation of orbital motion will not work due to persistent interaction, and this kind of
repeating FRBs should be non-periodic. We test relevant NS-companion binary sce-
narios on the basis of FRB 180916.J0158+65 and FRB 121102 under this geometrical
frame. It is found that the pulsar-asteroid belt impact model is more suitable to ex-
plain these two FRBs since this model is compatible with different companions (e.g.,
massive stars and black holes). At last, we point out that FRB 121102-like samples
are potential objects which can reveal the evolution of star-forming region.
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1 INTRODUCTION
The origin of fast radio bursts (FRBs) is still mysterious (see
Katz 2018 and Petroff et al. 2019 for review). From one-off
bursts (Lorimer et al. 2007; Thornton et al. 2013) to nonpe-
riodically repeating bursts (e.g, FRB 121102; Spitler et al.
2016) 1, and to the periodically repeating burst FRB
180916.J0158+65 (The CHIME/FRB Collaboration et al.
2020a; Chawla et al. 2020), observations continue to refresh
the understanding of FRBs. For example, the detec-
tion of a ∼ 16 day period from FRB 180916.J0158+65
indicates the progenitor of this FRB may be either
a neutron star (NS)-companion binary or a precess-
ing NS (The CHIME/FRB Collaboration et al. 2020a;
Chawla et al. 2020) since the size of a non-relativistically
moving source should be smaller than∼ 107 cm as evident
from FRB durations.
For these three types of bursts with different repeata-
bility, many progenitor models involved NSs have been pro-
posed. This is a long list, including, e.g.,
(1) for one-off bursts: binary NS mergers (Totani 2013), col-
lapsing NSs (Falcke & Rezzolla 2014) and asteroids/comets
colliding with NSs (Geng & Huang 2015);
(2) for FRB 121102-like bursts: magnetar hyper flares
⋆ E-mail: dushuang@pku.edu.cn
† E-mail:r.x.xu@pku.edu.cn
1 Recently, a possible period ∼ 160 day of FRB 121102 is re-
ported (Rajwade et al. 2020).
(Lyubarsky 2014), asteroid belts colliding with NSs
(Dai et al. 2016), close NS-white dwarf binaries (Gu et al.
2016) and NSs “combed” by plasma streams (Zhang 2017);
(3) for FRB 180916.J0158+65-like bursts: NSs in tight
O/B-star binaries (Lyutikov et al. 2020), orbital-induced
precessing NSs (Yang & Zou 2020), free/radiative precessing
NSs (Zanazzi & Lai 2020), and precessing flaring magnetars
(Levin et al. 2020).
Besides, some models which are proposed to explain
FRB 121102-like bursts are improved according to FRB
180916.J0158+65 (e.g., Ioka & Zhang 2020; Gu et al. 2020;
Dai & Zhong 2020). But these models usually focus on the
observations that related to FRB bursts themselves (e.g.,
the duration and luminosity of a burst, period, etc.) and
do not consider the observations which may reveal the en-
vironment of FRBs (e.g., the changed/unchanged rotation
measure (RM), Michilli et al. 2018; Katz 2018; Petroff et al.
2019).
Inspired by the consensus that long and short gamma-
ray bursts are produced by similar accretion disc-compact
star systems which originate from different progenitors, in
this paper, we propose a general geometrical frame of NS-
companion systems to explain both periodically and non-
periodically repeating FRBs without considering a detailed
radiation mechanism. Then we will study what them mean
to relevant FRB models for this geometrical frame and the
changed/unchanged RM.
The remainder of this paper is organized as follows. The
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details of our model (the geometry, kinematics and effect of
orbital motion) are illustrated in Section 2. The case studies
of FRB 180916.J0158+65 and FRB 121102 are shown in
Section 3. We discuss the results of the two case studies in
Section 4. Summary is presented in Section 5.
2 THE GEOMETRICAL MODEL
2.1 Orbital geometry
For an NS-companion binary with an orbital period T (see
Figure 1), we assume there is an approximately constant
critical binary separation rc (corresponding to the polar
angle θc) under which the interaction between the NS N1
and its companion N2 can trigger bursts of a repeating
FRB. During the segment that rc < r < rmax with rmax
the maximum binary separation, the interaction is invalid
and the repeating FRB is in quiescent stage. Once there is
r < rc < rmax, the interaction which induces FRB bursts
will occur until the NS passes the critical position and gets
away from the companion. Therefore, this repeating FRB
has a period which is identical to the orbital period T and
an active window ∆T which is the duration of the NS cross-
ing the interacting region ( the shaded region in Figure 1).
However, if rmax < rc is satisfied, this binary is always in an
interactive state, the repeating FRB will be not modulated
by the orbital motion. Correspondingly, this repeating FRB
is a nonperiodically repeating FRB 2.
Till now, no observation shows that any FRB has a pe-
riod similar to the rotational periods of NSs. This indicates
the radio emission of FRBs is not a “ lighthouse”. The radi-
ation should not come from the NS polar cap but from a po-
sition in the NS magnetosphere where is always can be seen
by observers. Correspondingly, the repeatability of a peri-
odically repeating FRB during one orbital period should be
mainly determined by the activity of the companion under
this geometric frame. Note that the repeatability of nonperi-
odically repeating FRBs does not depend on other geometric
conditions as long as the condition rmax < rc is satisfied, we
will only discuss the geometric details of periodically repeat-
ing FRBs in the next subsection.
2.2 Kinematics
According to Kepler’s Second Law, an elliptic orbit can be
described by
r =
4pi2mua
2b2
αT 2
· 1
1 + ε cos θ
, (1)
a =
(
αT 2
4pi2mµ
)1/3
, (2)
and
b = a
√
1− ε2, (3)
where mµ is the reduced mass of the binary (i.e.,
m1m2/(m1 +m2), with m1 the mass of the NS and m2 the
mass of the companion), a is the semi-major axis, b is the
2 If the orbit is parabolic, this nonperiodically repeating FRB
should be an “one-off” repeating FRB.
Figure 1. Schematic diagram of the geometry of our model. N1
is the NS and N2 is the companion. rc is the constant critical
binary separation (corresponding to the polar angle θc) under
which the interaction between the NS and companion can trigger
FRBs. rmax is the maximum binary separation. When the NS
N1 moves into the shaded region on the left, the binary begin to
interact, so that FRBs are produced.
semi-minor axis, α is defined as Gm1m2 with G the grav-
itation constant, θ is the polar angle, and ε is the orbital
eccentricity.
To match the period T and phase window ∆T of a pe-
riodically repeating FRB, there should be
∆T
T
piab =
∫ θc
0
r2dθ. (4)
Integrating equation (4) gives
∆T
T
piab =
(
4pi2mµa
2b2
αT 2
)2 [
A+B
AB
√
AB
arctan(
√
B
A
tan
θ
2
)
− (A−B) tan
θ
2
AB tan2 θ
2
+ A2
] ∣∣∣∣
θc
0
(5)
with A = 1 + ε and B = 1− ε.
Note that T and ∆T are observable quantities and the
mass of NS N1 is m1 ∼ 1.4 M⊙, once ε and the type of
the companion (i.e., m2) are known, one can solve θc, as
well as the correspondingly critical binary separation rc, nu-
merically through equation (5). If a physical model is based
on this geometrical frame, the value of rc derived from the
physical model should be consistent with the value calcu-
lated through equation (5).
2.3 The effect of the orbital motion
The orbital motion will change the binary separation, as well
as the distance from the binary to the earth. Therefore, by
definition, the RM and dispersion measure (DM) could be
time-varying. For clarity, one can separate the contribution
of orbital motion to the total RM and DM from observations,
i.e.,
RM =
(
e3
2pim2ec4
)(∫ lc
0
neB‖dl +
∫ d
lc
ne
′B‖
′dl′
)
(6)
and
DM =
∫ lc
0
nedl +
∫ d
lc
ne
′dl′, (7)
where e and me are the charge and mass of an electron, B‖
is the magnetic field along the line of sight, d is the shortest
distance between the earth and the point in the orbit, and
MNRAS 000, 1–7 (0000)
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Figure 2. The values of θc and rc versus ε under T = 16 day.
The top three lines are θc versus e. The three lines at the bottom
are rc versus e. The solid lines, dashed lines, dot-dashed lines
are for ∆T/T = 1/2, ∆T/T = 1/4, ∆T/T = 1/8, respectively.
Note that, from equations (1), (2) and (3), there is a relation
that rc ∝ (m1 +m2)1/3T 2/3. Therefore, one can estimate rc for
a given binary through this relation and Figure 2.
lc is the change of distance d induced by the orbital motion.
Since there is an inclined angle ι between the normal of the
orbit and the line of sight, one has 2b sin ι ≤ lc ≤ 2a sin ι.
From equations (6) and (7), the RM change is
∆RM =
(
e3
2pim2ec4
)∫ lc
0
neB‖dl
=
(
e3B¯‖
2pim2ec4
)
∆DM, (8)
where ∆DM=
∫ lc
0
nedl and B¯‖∆DM =
∫ lc
0
neB‖dl. Equation
(8) predicts that if lc is large enough ∆RM and ∆DM may
change evidently during an orbital period as long as ne and
B‖ are non-negligible.
Empirically, one can adopt B‖ = B‖,0(l/l0)
−p and
ne = ne,0(l/l0)
−q with l0 the size of the source which pro-
vides the magnetic environment. Given a point source, there
should be l0 ≪ lc. According to equation (6) and (7), one
approximatively has(
B¯‖ne,0e
3
2pim2ec4
)∫ lc
l0
(l/l0)
−qdl
≈
(
B‖,0ne,0e
3
2pim2ec4
)∫ lc
l0
(l/l0)
−p−qdl. (9)
Integrating equation (9) gives
B‖,0 ≈ B¯‖ · p+ q − 1
1− q ·
(
lc
l0
)−q+1
(10)
under 0 < q < 1, −p− q + 1 < 0, and
B‖,0 ≈ B¯‖ · p+ q − 1
q − 1 (11)
under q > 1, −p− q + 1 < 0.
Equations (8) and (9) indicate that the RM and DM
changes may provide the information of magnetic environ-
ment of periodically repeating FRBs. In the next, we will
study two FRB samples on the basis of the above discus-
sion.
3 TWO CASE STUDIES
3.1 FRB 180916.J0158+65
FRB 180916.J0158+65 shows a period of T ≈
16 day and an active period of ∆T ≈ 4 day
(The CHIME/FRB Collaboration et al. 2020a). Ac-
cording to equations (1) and (5), the values of θc and rc
versus e are shown in Figure 2 (see Appendix for more
details) by assuming the companion is also an NS and
m1 = m2 = 1.4 M⊙. But, the companion may be also a
massive star/black hole/white dwarf. Let’s discuss these
scenarios separately.
Under this geometrical frame, the interaction between
the NS and companion (e.g., the accretion/wind interaction)
should provide an approximatively constant critical separa-
tion rc. For the NS-massive star binary scenario, the accre-
tion/wind interaction is susceptible to the activity of the
massive star, so that the critical separation rc is hard to be
a constant. The spin-down power of an NS is nearly a con-
stant, as well as the critical separation induced by this wind
interaction. Therefore, as the companion, an NS is worthy
of consideration.
Under NS-NS binary scenario, the wind from the com-
panion NS N2 should be strong enough to “comb” the NS
N1 (Zhang 2020), i.e.,
Lsd,2
4pir22c
=
B2p,1
8pi
(
R∗
r1
)6
, (12)
where r1 and r2 are distances of the interaction front from
NSs N1 and N2, respectively, Lsd,2 is the spin-down power
of NS N2, Bp,1 and R∗ are the polar cap magnetic field
and radius of NS N1, and c is the speed of light. The typ-
ical isotropic value of repeating FRBs, EFRB,iso, is a few
1041 erg s−1 (Luo et al. 2020). In principle, the rotation en-
ergy of N1 that
Erot,1 =
1
2
IΩ21
= 2× 1046
(
I
1045 g cm2
)(
P1
1 s
)−2
erg (13)
can satisfy the energy requirement (where Ω1 = 2pi/P1 is
the angular velocity with P1 the rotation period, and I is
the rotational inertia). But there is no clear mechanism to
extract this energy through such an interaction between the
two NSs. We turn to consider magnetic energy (which can be
dissipated through magnetic reconnection). The magnetic-
energy density of NS N1 at r1 should be high enough, i.e.,
(c∆t)3
B2p,1
8pi
(
R∗
r1
)6
∼ fbEFRB,iso, (14)
where ∆t is the duration of a FRB burst, and fb is the
beaming factor. Equation (14) gives
Bp,1 ∼ 3× 1012
(
fbEFRB,iso
1040 erg
)(
∆t
1 ms
)−3 ( r1
107 cm
)
Gs, (15)
where R∗ = 10
6 cm is adopted for the estimation.
According to equation (15), r1 should be much smaller
than rc (e.g., r1 ∼ c∆t), otherwise Bp,1 will be too strong.
Correspondingly, there must be r2 ∼ 1012 cm due to rc ∼
1012 cm and r1 + r2 = rc, However, this brings up another
MNRAS 000, 1–7 (0000)
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problem that the magnetic field of NS N2 would be unrea-
sonable unless there is a very small fb
3. Because, according
to equation (12), there is
Lsd,2 ∼ 4pir22c ·
fbEFRB,iso
c3∆t3
∼ 1053
(
fbEFRB,iso
1040 erg
)(
∆t
1 ms
)−3
erg s−1.(16)
Equation (16) shows the NS N2 must be a millisecond mag-
netar with Bp,1 ∼ 1016 Gs. But, this powerful wind only can
last for < 1 s since the largest rotational energy of an NS is
∼ 1052 erg.
For the NS-black hole binary scenario, both the accre-
tion interaction and wind interaction require an accreting
black hole. However, activities in the accretion disc are very
possible to result in the change of rc. Besides, the luminosity
of a super-Eddington accreting black hole is much smaller
than that of a millisecond magnetar (see equation 16), so
the wind from this accreting black hole is not strong enough
to perturb the magnetosphere of NS N1.
For the NS-white dwarf scenario, the wind from the
white dwarf is much weaker. FRB bursts should be trig-
gered by the accretion interaction. Since white dwarfs are
death stars, the accretion interaction between the NS and
white dwarf could be different from that of the NS-massive
star scenario. The separation rc under this case may be ap-
proximately a constant. But for the specific NS-white dwarf
binary model (Gu et al. 2020), an extremely high eccentric-
ity (ε > 0.95) is required to explain FRB 180916.J0158+65.
This model demands the FRBs with T > 16 day to be spe-
cial ones. Therefore, it can be tested after enough periodi-
cally repeating FRBs are detected.
In summary, the above discussion shows: the NS-
massive star binary scenario can not provide a constant
rc; the NS-NS binary scenario and NS-black hole binary
scenario can not provide strong winds; and the NS-white
dwarf binary model (Gu et al. 2020) requires a special orbit
with extremely high eccentricity. These scenarios and mod-
els more or less have some defects.
But, it is worth noting that the accretion/wind in-
teraction is not the only way to provide a critical sepa-
ration as long as the above stellar-mass objects have as-
teroid belts. Under the pulsar-asteroid belt impact model
(Dai et al. 2016; Dai & Zhong 2020), the outer boundary of
the asteroid belt is naturally corresponding to the critical
separation rc. Besides, there is another critical radius, r
′
c ,
i.e., the inner radius of the asteroid belt. If the trajectory
of the NS can cross the inner boundary, the asteroid belt
will divide the binary separation into three segments, i.e.,
r < r′c, r
′
c < r < rc and rc < r. Therefore, there will be
two periodic active phases which are separated by a qui-
escent phase during one orbital period. We suggest to fold
periodically repeating FRBs at their period just like that
of The CHIME/FRB Collaboration et al. (2020a). If such a
FRB is found, the other FRB models should at least comple-
ment the corresponding details (e.g., for precessing-NS mod-
els, the precession angle of the FRB beam is larger than the
3 But it is unrealistic since the size of the wind from the com-
panion should be larger than the radius of NS N1. Half of the
magnetosphere of NS N1 should be disturbed.
opening angle of the FRB beam). On the other hand, there
is a tiny probability that the orbit of the NS N1 happens
to be in the asteroid belt (corresponding to rmax < rc), so
that the induced repeating FRB will show aperiodicity. This
another prediction of the pulsar-asteroid belt impact model
that the number of nonperiodically repeating FRBs is much
less than the number of periodically repeating FRBs.
Till now, there is no observation shows that the RM
and DM of FRB 180916.J0158+65 have obvious evolution.
If the RM and DM of FRB 180916.J0158+65 are almost
constants, according to equation (8), there are two explana-
tions: (a) lc is small enough; (b) ne and B‖ are negligible.
Given, for example, sin 3◦ ≈ 0.05, lc is more likely a non-
negligible quantity since 2b sin ι ≤ lc ≤ 2a sin ι. So, the ex-
planation (b) should be more reasonable, i.e., the companion
is at least weak magnetized (e.g., a massive star/an accret-
ing black hole). Alternatively, if future follow-up observation
confirms this unchanged RM and DM, the single precess-
ing NS scenario (corresponding to explanation (a); see, e.g.,
Zanazzi & Lai 2020; Levin et al. 2020) is more suitable for
explaining this observation.
3.2 FRB 121102
FRB 121102 is the first localized FRB (Tendulkar et al.
2017). The long-time follow-up observation shows that FRB
121102 may be also a periodically repeating FRB with
T ∼ 160 day and ∆T ∼ 76 day (Rajwade et al. 2020). Note
that rc ∝ (m1 +m2)1/3T 2/3 and rc is not sensitive to ε (see
Figure 2) when ∆T/T ∼ 1/2, there is rc ∼ 7× 1013 cm for
the NS-NS binary scenario. Therefore, the accretion/wind
interaction still excludes the NS-massive star scenario. And
under the wind interaction, the NS-NS binary and NS-black
hole binary scenarios are more powerless; under the accre-
tion interaction, the accretion interaction between the NS
and white dwarf should works on a longer distance. Besides,
the longer period indicates a much larger eccentricity and a
much smaller white dwarf for the certain NS-white dwarf bi-
nary model (see Figure 2 of Gu et al. 2020). Compared with
the above scenarios and models, the pulsar-asteroid belt im-
pact model seems to be not quite that extreme (but it needs
a huge asteroid belt; see Smallwood et al. 2019).
On the other hand, the RM of FRB 121102 could change
from 1.46×105 rad m2 to 1.33×105 rad m2 within 7 months
with the DM almost a constant (Michilli et al. 2018; Katz
2018; Petroff et al. 2019). Under this geometrical frame,
the orbital motion should induce the RM change. Despite
whether an extra orbital motion needs to be invoked to
reconcile the inconsistency between 7 months and 160-day
period (just like Moon-Earth-Sun system), we will roughly
adopt lc ∼ rc (see the last paragraph of Section 3.1) for the
following estimation.
Away from a point source, the radial component of mag-
netic field decays as l−2, and the toroidal component decays
as l−1, i.e., 1 < p < 2. On the other hand, q should be
∼ 0 for intergalactic medium and ∼ 2 for stellar wind. In
any case, the middle term of the right side of equation (10)
is larger than 1. Therefore, B¯‖ should be small enough to
keep the value of B‖,0 reasonable (see equation 10). From
MNRAS 000, 1–7 (0000)
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equation (8), there is (see also Katz 2018)
B¯‖ =
(
2pim2ec
4
e3
)
∆RM
∆DM
= 52
(
∆DM
3 pc cm−3
)−1
mGs. (17)
Then we can estimate B‖,0 under different companions
through equations (10), (11) and (17).
Under the intergalactic medium situation, the results
are as follows.
(i) For the NS-NS binary scenario, there is l0 ∼ 106 cm. So
one has
B‖,0 ∼ 5.2 × 105
(
∆DM
3 pc cm−3
)−1 (
lc
1013 cm
)
Gs. (18)
But observations 4 show that the magnetic field of the NS
in an NS-NS binary is stronger than 109 Gs. Therefore, the
magnetic field of an NS is too large for equations (18) 5.
(ii) For the NS-massive star binary scenario, we adopt l0 ∼
1011 cm. Then one has
B‖,0 ∼ 5.2
(
∆DM
3 pc cm−3
)−1(
lc
1013 cm
)
Gs. (19)
This value is compatible with the magnetic field of a massive
star (Bychkov et al. 2009).
(iii) For the NS-white dwarf binary scenario, l0 ∼ 108 cm is
adopted for estimation. There is
B‖,0 ∼ 5.2 × 103
(
∆DM
3 pc cm−3
)−1 (
lc
1013 cm
)
Gs. (20)
This value is also compatible with observations (Tout et al.
2008).
(iiii) If the companion is a black hole, the magnetic field
should be provided by the accretion disc. We adopt the outer
boundary of the disc ∼ 50rg with rg the Schwarzschild ra-
dius of the black hole. The result is
B‖,0 ∼ 17
(
∆DM
3 pc cm−3
)−1(
lc
1014 cm
)(
MBH
103M⊙
)−1
Gs, (21)
where MBH is the mass of the black hole. This value is con-
sistent with previous work (e.g., Ferreira & Pelletier 1995).
Under the stellar wind situation, the value of B‖,0 is
independent of the companion (see equation 11). Since the
magnetic field of an NS or a white dwarf is too large for
equation (11), the companion should be a massive star or a
black hole.
4 COMPARISON OF THE TWO CASE
STUDIES
From the case study of FRB 180916.J0158+65, if the
FRB is induced by the accretion/wind interaction, the
companion should not be a massive star or an NS; the
4 Data comes from The ATNF Pulsar Database
(https://www.atnf.csiro.au/research/pulsar/psrcat/)
5 Even if the value of ∆DM is taken as ∼ 0.1 (The CHIME/FRB
Collaboration et al. 2020), the value of B‖,0 is still much smaller
than 109 Gs.
companion star could be a white dwarf only if FRB
180916.J0158+65 is a special one. But the unchanged RM
of FRB 180916.J0158+65 indicates the companion should
be weak magnetized. Under the pulsar-asteroid belt impact
model, the companion could be a massive star/black hole as
long as the companion has an asteroid belt.
If FRB 121102 is also a periodically repeating FRB, the
operations of the scenarios involved accretion/wind interac-
tion (e.g., NS-NS/white dwarf binary scenario) need some
unreasonable conditions due to the larger period T and crit-
ical separation rc. The pulsar-asteroid belt impact model can
reproduce the observed T , ∆T and RM change more reason-
ably (but, the asteroid belt should be large enough) due to
the compatibility with different companions, e.g., massive
stars and black holes.
There is an extra reason in favor of the pulsar-
asteroid belt impact model: both FRB 121102 and FRB
180916.J0158+65 are co-located with star-forming regions
(Bassa et al. 2017; Marcote et al. 2020). The changed RM of
FRB 121102 and unchanged RM of FRB 180916.J0158+65
are more likely the results of different companions but not
the circumambient gases the two FRBs located in.
Strictly, we still consider another possibility that the
different RM is caused by the different states of the cir-
cumambient gases (i.e., the binary orbit satisfies lc ≪ rc,
which is also applied for the precessing NS scenario). For
example, the magnetic environment which induces the RM
change of FRB 121102 is provided by dynamo process in
the circumambient gases but not the companion, meanwhile,
the dynamo process in the circumambient gases of FRB
180916.J0158+65 is ineffective.
To develop magnetic field through dynamo mechanism,
the kinetic energy density of the circumambient gases of
FRB 121102 should be high enough, i.e.,
1
2
npmpv
2
p >
B¯2‖
4pi
, (22)
where np is the number density of protons,mp is the mass of
single proton, and vp is the velocity of these gases. According
to equation (17) and (22), there is
np > 2× 108
( vp
106 cm s−1
)−2
cm−3. (23)
If these gases are ionized, the added DM change is
∆DM ∼ χnprc > 102
( χ
0.1
)
pc cm−3, (24)
where χ is the ionization degree.
On the basis of equations (23) and (24), we can make
two bold speculations that (i) the gases surrounding the NS-
companion system have condensed into a disc and the mag-
netic field is produced by the dynamo process in this disc;
(ii) this disc is cold so that the residual nearby gases keep
a low ionization. Interestingly, if some asteroids form in the
exterior of the disc, we return to the pulsar-asteroid belt
impact model again.
It is worth reminding that the results of equations (23)
and (24) do not depend on the geometrical frame but equa-
tion (17). This means once the geometrical frame is wrong,
i.e., the RM change is not induced by the orbital motion, the
change of magnetic field generated by the dynamo process
seems to be the only option. Therefore, FRB 121102-like
samples may be potential objects that allow us to have an
MNRAS 000, 1–7 (0000)
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insight into the evolution of star-forming regions (e.g., tur-
bulence, convection).
5 SUMMARY
In this paper, we show a general geometrical frame to ex-
plain the periodically and nonperiodically repeating FRBs.
We study FRB 180916.J0158+65 and FRB 121102 under
this geometrical frame and find that the pulsar-asteroid belt
impact model is preferred (although a huge asteroid belt is
needed, Smallwood et al. 2019; Dai & Zhong 2020). Besides,
we point out that FRB 121102-like samples may be poten-
tial objects which can allow us to have an insight into the
evolution of star-forming regions.
For completeness, it is worth reminding that the pre-
cessing NS scenario is more suitable for explaining a repeat-
ing FRB with an unchanged RM. And we also discuss a
possible explanation to the changed RM of FRB 121102 un-
der the precessing NS scenario in Section 4. But, this is
only one aspect of the problem. The invoking of a precess-
ing NS is to produce a gyroscope-like radio beam so that
the beam toward/outward Earth’s field of view can also
reproduce the observed ∆T/T (e.g., Zanazzi & Lai 2020;
Levin et al. 2020). However, till now, there is no reliable
observation shows the procession exists in the known pul-
sars and magnetars. Besides, if the result of Rajwade et al.
(2020) is confirmed, this scenario will face a problem that
why we can see so many place on the NS this time. Maybe,
the free/radiative precessing NS model (Zanazzi & Lai 2020)
needs a wider radio beam; and the precessing flaring mag-
netar model (Levin et al. 2020) needs a thicker “pancake”.
Nevertheless, both the geometric frame and the model
invokes a gyroscope-like radio beam have to explain the no
detection of a FRB in the Milky Way 6. There are three
speculations for the no detection: (i) such a system should
be a special one which belongs to “rare species” so that the
absolute quantity of these systems is much less than the
number of NSs in the Milky Way; (ii) the radio emissions of
these rare-species systems tend to be outward rather than
along the galactic disc so that the Galactic FRBs are difficult
to be seen; (iii) the conditions for coherent radiation are hard
to be satisfied (suitable magnetic field, position and charge
density, etc.) since not every X-ray burst is corresponding
to a radio burst.
In this paper, we do not discuss the detailed radia-
tion mechanism of radio emission, since it depends on the
unknown structure of NS magnetospheres and complicated
magnetohydrodynamic processes 7. Although the details of
radio radiation are unknown, this NS-companion frame can
still be tested by detecting the gravitational-wave radiation
induced by orbital inspiral (e.g., LISA (Amaro-Seoane et al.
2017), TianQin (Luo et al. 2016) and Taiji (Ruan et al.
2018)).
6 We do not believe FRB 200428
(The CHIME/FRB Collaboration et al. 2020b) shares the
same origin with cosmological FRBs due to its much weaker
luminosity.
7 For completeness, we recommend the reference: Wang et al.
(2019)
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APPENDIX A: APPENDIX
From equations (1), (2) and (3), there is
∂rc
∂ε
=
(
αT 2
4pi2mu
)1/3
ε2 cos θc + 2ε+ 1
(1 + ε cos θc)2
. (A1)
If changes in rc on the size scale of an NS magnetosphere
does not affect ∆T/T , there should be a “step length” of the
eccentricity, ∆ε, which satisfies
∂rc
∂ε
∆ε ∼ c
Ω1
. (A2)
Combining equations (A1) and (A2), when the change of
orbital eccentricity is within
∆ε ∼ c
Ω1
(
αT 2
4pi2mu
)−1/3
(1 + ε cos θc)
2
ε2 cos θc + 2ε+ 1
, (A3)
∆T/T would be approximately a constant. Considering
rc ∼ 1011 − 1012 cm and P1 = 10−2 − 10−1 s, there is
∆ε ∼ 102 − 104 according to equation (A3). This is not a
reasonable result since ∆εmust be smaller than 1. Under the
geometrical frame, the unreasonable value of ∆ε indicates a
small change in rc can and must affect ∆T/T .
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